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(57) ABSTRACT 
The invention teaches a technique for A C equilibration of 
the signaling levels and time of 1—>h and h—>1 transitions 
of CMOS drivers as received at CMOS receivers, so as to 
improve the rate at Which data can be communicated 
betWeen tWo CMOS devices. 

It permits minimization of a switching delay in Double Data 
Pate Dram memories. 
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AC DRIVE CROSS POINT ADJUST METHOD AND 
APPARATUS 

FIELD OF THE INVENTION 

[0001] The invention relates to the method and apparatus 
used for communication betWeen tWo or more semiconduc 
tor devices. In particular it relates to the calibration of output 
circuits for CMOS devices, to improve the uniformity of 
timing of signaling Which is adversely effected by changes 
in temperature, voltage, processing conditions, properties of 
the conducting media betWeen driving and receiving cir 
cuits, and properties of the receiving circuits. 

BACKGROUND 

[0002] As progress in the art evolves uniformity of CMOS 
driven circuitry performance is taking on increased impor 
tance. 

[0003] In one reference, an IBM brochure labelled 8 
Mb(256K><36 & 512x18) and 4 Mb 128K><36&256K>< 
18)SRAM, trrn 3316.04, 7/99,25 pages; there is described a 
method for the DC adjustment of output impedance. The 
adjustment alloWs the impedance on the pullup and pull 
doWn devices in a standard CMOS output driver circuit to be 
made equal to each other, and to a ?xed eXternal reference 

[0004] In another reference, a SLDRAM Inc. brochure, 
labelled 400 Mb/s/pin 4 M><18 SLDRAM, Rev Jul. 9, 1998, 
69 pages: another method of calibration alloWs output 
devices to present equal switching levels to a receiver for 
both high to loW (H—§L) and loW to high (L—§H) 
transitions. HoWever, in these methods the time With Which 
these sWitching levels are reached is not speci?ed or cali 
brated. 

[0005] Recently in the art, neW signaling betWeen CMOS 
devices has been introduced Where a sending chip sends 
both data and a strobe Waveform With data to be received by 
one or more receiving chips, Whereby the strobe can capture 
data either on both 1—> and hi 1 transitions. Such a memory 
device is described in a an IBM brochure labelled 256 Mb 
Double Data Rate Synchronous DRAM, 29L0011.E36997, 
4/3/00, 81 pages. With the Double data rate type comments 
described, any difference in time of arrival of l->h and ha 
transitions at the receiver can seriously limit the signaling 
rate. The transmission rate of the device in the Double Data 
Rate reference is limited to a 266 MHZ rate, Where each data 
bit is sent as a 1 or 0 on a single Wire, in coincident With a 
strobe signal, alternating 1 and 0, on another Wire. The value 
of the datum sent on the Wire, 1 or 0, is determined by 
comparing the sampled voltage to a reference voltage at the 
receiver. 

[0006] In the art there is a desire to transmit data at faster 
rates, hoWever, lack of adequate controls on the time of 
arrival of data With respect to the strobe, and With respect to 
the reference voltage, can limit progress. What is needed is 
a simple means to adjust and control the time of arrival of 
data or strobe for both the 1 and 0 state, so that transmission 
speeds can be increased. 

SUMMARY 

[0007] The invention teaches a technique for A C equili 
bration of the signaling levels and time of lQh and hQl 
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transitions of CMOS drivers as received at CMOS receivers, 
so as to improve the rate at Which data can be communicated 
betWeen tWo CMOS devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIGS. 1-7 are depicting diagrams illustrating in 
combination the application of the principles of the inven 
tion for equilibration of signal levels to a typical addressable 
SDRAM-DDR type CMOS driver memory assembly; 
Wherein: 

[0009] in FIG. 1, there is shoWn the available pin con 
nections With address port, data port, and clock terminals for 
the assembly indicated; 

[0010] in FIG. 2, there is shoWn in FIGS. 2A and 2B a 
draWing of an SDRAM-DDR type memory assembly; 

[0011] in FIG. 3, there is shoWn a typical command table 
for use With a SDRAM-DDR type memory assembly; 

[0012] in FIG. 4, there is shoWn a depiction of the card 
interconnecting arrangement on an SDRAM-DDR type 
memory card; 

[0013] in FIG. 5, made up of FIGS. 5A-5E there is shoWn 
a schematic diagram of a SDRAM-DDR memory card; 

[0014] in FIG. 6, there is shoWn computer system 
equipped With SDRAM-DDR type memory cards; and, 

[0015] in FIG. 7 there is shoWn the timing AC parameters 
for the read and Write operations in accordance With the 
invention in a SDRAM-DDR type memory assembly. 

[0016] In FIG. 8 there is shoWn an idealiZed Waveform 
With unbalanced loW to high and high to loW transitions at 
the receiver. 

[0017] In FIG. 9 there is shoWn an eXample of a driving 
circuit Which can cause unbalanced transitions. 

[0018] In FIG. 10, in FIGS. 10A and 10B there is 
illustrated driving circuit eXamples and eXample means for 
correcting any unbalanced transitions, and, FIG. 10C there 
is illustrated the effect of the balancing corrections in a truth 
table. 

[0019] In FIG. 11 there is shoWn an eXample receiver With 
means to control the unbalanced transitions. 

[0020] In FIG. 12 there is shoWn in tabular form the 
timing relationship betWeen inputs and outputs of the 
receiver of FIG. 11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The invention is described as being applied to an 
eXisting SDRAM-DDR type memory device of the types 
shoWn in FIGS. 1-6 in Which in FIG. 1, there is shoWn the 
pin array of the device labelled 101 With all signal pins 
listed. There are: address pins A0-A12, labelled (102) for 
addressing the memory contents by roW and column, there 
bank select pins BAO-BA1 labelled (103) for addressing one 
of the 4 internal memory banks, there are command pins 
RAS, CAS, WE, and CS labelled(104) Which respectively 
refer to roW address, column address, Write enable, and chip 
select. There is a differential clock CLK CLK/pair labelled 
(105) for synchroniZing operations Within the chip to a 
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system clock, and a clock enable pin CLE labelled (106) for 
enabling/disabling the RAM clock. There are 4, 8, or 16 data 
ports labelled DQO-DQ15 depending on the data Width of 
the chip, With data strobes UDQS, LDQS labelled (107), one 
for each 8 data bits. 

[0022] The data ports are used to send ( hereinafter called 
READ) and receive (hereinafter called WRITE) data, the 
strobe is driven With the data on a read and received With the 
data on a Write, as a type of clock, With data present on both 
rising and falling edges of the strobe. There are also voltage 
supply pins VDD and VSS for the internal circuitry, and I/O 
voltage supply pins VDDQ and VSSQ for the data and 
strobe pins, and a reference voltage Vref pin for receiving 
data. The application of the invention is herinafter described 
in connection With FIGS. 1 and 2. 

[0023] Referring to FIG. 2, Which is a functional diagram 
of a typical 256 Mb SDRAM-DDR memory device With 16 
data I/O pins. The labelled signal pins of FIG. 1 are noW 
correlated With and connected to the major parts of the RAM 
device. 

[0024] Referring to FIG. 2, the clock 202 is used to time 
receiving into the address register 212, the address 206 and 
the bank address 204. The clock is also used to receive the 
command chip select 201, RAS, CAS, and WE labelled 203, 
into the timing register 205. The clock delayed by a delay 
locked loop 208 Which is used to drive the data strobe 
generator 214, and synchroniZe the output data (for a read) 
through the output buffer 216 such that the clock and output 
data are in phase. 

[0025] The timing register is used to determine if the 
address bus 210 is directed to the roW buffer 218 or the 
column buffer 220. A bank activate (roW selection) occurs, 
for example, if chip select is loW, RAS is loW, and CAS is 
high While a read or Write (column selection) occurs, for 
example, if chip select is loW, RAS is loW, and CAS is loW. 
(see FIG. 3). If the roW is selected then the roW address is 
decoded by the roW decoder 222. In this case the 13 address 
bits create one of 8192 possible roWs in the data arrays 232. 
There are 4 possible arrays, the desired one to activate is 
determined by bank selector 224. The important point here 
is that all addresses are valid. If there Was an error on a 

received address, due to, for example, a broken connection 
in the path betWeen the device creating the address (the 
memory controller, see FIG. 6) and the memory device, 
memory Would still be sent or received, and the error could 
be dif?cult to detect. 

[0026] Once a roW has been selected then the desired 
column(s) of that roW are selected, data in the column buffer 
is sent to the column decoder 226, Which selects the required 
data bits from the ?nal sense ampli?ers 234. Since this is 
double data rate memory (2 data bits are transferred per DQ 
port for every clock cycle), 2 data bits must be fetched from 
the arrays 232 for every clock cycle. Which of these 2 bits 
is output ?rst is determined by the 2 bit column prefetch unit 
236, by inspection of the loW order column address CAO 
(238). 
[0027] Similarly CAO is routed to the data input buffer 242 
Which receives data on a Write from the DQ pins 250, to 
determine that the tWo bits received on that clock cycle go 
to the proper address. The role of CA0 is important in that 
it is an example of the address information being used in the 
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data portion of the chip. Our invention is to bring all of the 
address and command information, or as much of it as 
possible, to the data portion of the chip so that the infor 
mation received on the address and command lines can be 
sent out on the data lines, so that a memory controller can 

check if the address & command it sent to the addressable 
device Was actually received correctly, by inspection of the 
data lines. This invention Will not effect the contents of the 
RAM or the normal operation of the device, as it Will use a 
separate bus. 

[0028] Continuing to refer to FIG. 2, on a read of data 
from the 2-bit column prefetch unit are driven to the output 
buffers 216 and out the data ports 250. At the same time data 
strobes UDQS and LDQS are driven, the receiving device 
can use these strobes in the same manner as the RAM (see 

beloW) to register the data. The timing register controls 
When the data is driven through the I/O control unit 252. The 
data is driven as a burst, unit 262 determines When the burst 
is over and signals the output buffer. The number of cycles 
betWeen the read command and the data (the latency) is 
programmable as is the length of the burst, the programming 
is done by a memory controller or other external device by 
using a special command (mode register Write) by proper 
selection of CKE, CS, RAS, CAS, and WE; the command 
itself is contained in the address ?eld. Thus address path 210 
is directed also to mode register 272, Which decodes the 
instructions during initialiZation and determines, among 
other things, the burst length and latency. This invention Will 
make use of the mode register for the special case of 
memory devices that have them, Where there Will be created 
a special command, knoWn as an address Wrap function, that 
directs the address bus to the data bus. Of course, other 
means can be used to conduct this same address Wrap 
function in other devices Without a mode register, all that is 
required is that device have a means of being programmed 
as nearly all semiconductor devices do. 

[0029] Similarly if data is being Written to the RAM, data 
received by the input buffer 242 is directed to the selected 
roW and column of the array 32. The data strobes UDQS and 
LDQS are used to clock in the data, that is, on rising edge 
of strobe one datum is registered from the receiver and on 
the falling edge a second datum is received thereby achiev 
ing the double data rate. Again all addresses are valid. If 
there Was an error on a received address, due to example a 
broken connection in the path betWeen the device creating 
the address (the memory controller, see FIG. 6) and the 
memory device, memory Would still be Written, just to the 
Wrong address. This overWrites otherWise correct data and 
can have serious consequences in the ?eld of computers. 

[0030] It is possible to mask, or block, certain data from 
being Written (on earlier memory devices certain data could 
be masked for both a read and a Write). This operation is 
enabled through use of the mask pins 207. UDM masks 
DQ8-15 and LDM mask DQO-7 from being Written to the 
array. The operation is conducted through generation of 
LDM (282) by the timing register, and presented to the 110 
control. 

[0031] Referring next to FIG. 3, Which shoWs the com 
mands that can be created for the SDRAM-DDR memory 
devices through use of the commands CKE, CS, RAS, CAS, 
WE, and DM, and the address. The read and Write com 
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mands have been discussed above, the other commands are 
not requires for this invention but are shoWn for complete 
ness. 

[0032] Referring FIG. 4, the dual in line memory is 
illustrated. The arrangement of FIG. 4 is of the type shoWn 
in an advanced product description of an IBM 128 Megabyte 
(MB) 184 pin registered 8-byte Dual Inline Memory Module 
(DIMM) Which uses 18, 64 Mb (megabit) SDRAM-DDR 
devices, 402. The 64 Mb devices are very similar to the 
previously described 256 Mb devices, but With 1A the 
capacity and thus 1 feWer address line Will be involved. 

[0033] The particular DIMM in FIG. 4 has some other 
structure that is not involved With the functions of the 
invention. There is an address redrive function 412, Whereby 
the received addresses on the DIMM are received by a clock 
and redriven to the RAM. It Will be apparent that other 
DIMM not employing this redrive function, Would still be 
applicable to this invention. This DIMM is shoWn as an 
example of a collection of addressable devices With a 
common address bus. There are also data sWitches 422 
shoWn on the backside of the memory card, useful to isolate 
the memory devices on this DIMM from other DIMMs 
When multiple DIMMs share a common data bus. The 
presence or absence of these data sWitches is not required by 
this invention. There is also a small EEPROM 432 Which 
contains descriptive information about the DIMM, the pres 
ence or absence of this EEPROM is not essential to this 
invention. 

[0034] The interWiring is shoWn in FIG. 5, made up of 
FIGS. 5A-E. Referring to FIG. 5, the arrangement illus 
trated is of the type described an advanced product descrip 
tion of an IBM 128 Megabyte (MB) 184 pin registered 
8-byte Dual inline Memory Module (DIMM) Wherein there 
is shoWn hoW the 18 64 Mb (megabit) SDRAM-DDR 
devices 502, the address registers 512, the data sWitches 522, 
and the EEPROM 532 are Wired together. The address bus 
to all RAMs is shared. The control bus is also shared, except 
for a ?rst chip select line 530 Which is attached to the 9 
RAMs on the front of the DIMM of FIG. 4, and a second 
chip select line 532 Which is attached to the 9 RAMs on the 
back of the DIMM of FIG. 4. Also the data bus and data 
strobe betWeen the 9 RAMs in the front of the DIMM of 
FIG. 4 is shared With the 9 RAMs on the back of the DIMM. 

[0035] An illustration is provided in FIG. 6 of the overall 
functional assembly. Referring to FIG. 6 shoWs a high level 
schematic of the memory and processor sections of a com 
puter system. There is a processor or processors 610. The 
processor is connected to a memory controller 620, the 
processor and memory controller may exist on the same 
semiconductor device. A service processor 630 is provided 
for such functions as system initialiZation, and error pro 
cessing.. Again the service processor may exist With the 
processor, or the service processor function can be a part of 
the processor design. Adistinction is made betWeen process 
and service processors in this description for purposes of 
explaining entry and exit from the address Wrap function. 
The memory controller controls addressable memory 
devices 640, Which could be SDRAM-DDR memory as in 
FIGS. 1 and 2, in this case shoWn on small memory cards 
650 as is typical in the industry at this time, an example of 
Which is described in FIGS. 4 and 5. 

[0036] The memory controller receives (reads) or sends 
(Writes) data to the memory through data bus 660. The 
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controls tells the RAM to read or be Written to through 
command/address bus 670. Separate data busses may go to 
each DIMM or they can be made common, the invention 
applies to both. Also separate address/command busses may 
go to each DIMM or they can be made common, the 
invention applies to both. It is noW common in the industry 
to have addresses, commands, and data referenced to a 
clock. The clock can come from a separate chip Which 
synchroniZes all components, or, in the case of SDRAM 
DDR, or other high speed devices, the practice of sending 
the clock With the address, command, and data (source 
synchronous design), is being practiced in the industry. Thus 
We shoW the memory controllers sending clocks to the 
memory through the clock bus 680. HoW clocking is done is 
not rigorous With respect to this invention. 

[0037] The data bus 660 is di-directional. That is, data can 
be sourced by the controller 620 (WRITE), or the DRAM 
640 For both reads and Writes, the sending devices 
also sources a data strobe 690, Which is used to assist in the 
capture of the data by the receiving device. It should be 
noted in connection With FIG. 6 that for a Write operation, 
the controller 620 is sending data to all the DRAMs 640. The 
particular DRAM Which is to receive the data is selected by 
the chip select line, one of the control lines 670. 

[0038] The timing considerations are illustrated in FIG. 7 
Where for a Write operation the timing is shoWn in FIG. 7A. 
Referring to FIG. 7A. Starting at a time tWRES before the 
falling clock edge 705 preceding rising clock edge 706 
Which has occurred WL cycles after the Write command, the 
strobe is driven by the controller to a loW level. This level 
transitions to a high level, forming a rising strobe edge 710, 
a time tPREH after clock edge 705. Subsequently the strobe 
signal toggles doWn tDSH later (or 1/2 a clock cycle), and 
back up tDSL later, rising or falling once for each datum to 
be sent from control to RAM. The rising strobe edge 705 is 
approximately centered in the Write data pulse 720, just as 
the falling strobe edge 730 is approximately centered in the 
Waste data pulse 740. In the RAM, the strobe pulse is 
received at the time When the signal for the data is at its 
midpoint, or maximum value, and is thus optimal. 

[0039] From the point of vieW of the controller, data is sent 
timed With some relative time offset, not important here, 
With respect to the clock While the strobe is sifted 1A1 cycle 
With respect to that clock. A shift of 1A1 cycle, or 90 degrees, 
is someWhat complex to achieve in digital circuits. HoWever, 
through use of a clock With tWice the frequency data can be 
sent on rising 2x clock pulses While the strobe is set on ?lling 
2x clock pulses. In this manner reliable Write data and strobe 
can be sent from controller to RAM, With the timing of data 
and strobe optimiZed to alloW for easy capture of data by 
strobe in the RAM. 

[0040] The timing of Read data is similar, but this time 
strobe and data are aligned. Referring again to FIG. 6; for 
a read operation, data is being sourced by Whatever DRAM 
has been instructed to READ by the controller 620 through 
the chip select line, one of the control lines 670. The timing 
for a read is shoWn in FIG. 7B. Starting at a time tLZ after 
the rising clock edge 755 Which has occurred RL-1 cycles 
after the read command, the strobe is driven by the controller 
to a loW level. This level transitions to a high level forming 
a rising strobe edge 760, a time tRPRE after clock edge 755. 
Subsequently the strobe signal toggles doWn tDSH later (or 
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1/2 a clock cycle), and back up tDSL later, rising or falling 
once for each datum to be sent from control to RAM. The 
rising strobe edge 760 is approximately aligned With the 
start, or transition, of read data pulse 770, just as the falling 
strobe edge 780 is approximately aligned With the start of 
read data pulse 780. The data transitions Within a time 
tDQSQ of the strobe transition, and Within time tAC of the 
clock transition. In the controller, the strobe pulse is received 
approximately coincident With the data, and so must be 
shifted 90 degrees With respect to the data to be centered in 
the data pulse. 

[0041] It is pointed out that in FIG. 6 any of the three 
DIMMs 650 can be sourcing the read data. If the DIMM 
nearest the controller is being read, then data sent on data 
bus 660 travels both toWards the controller 620, and aWay 
from the controller, or toWards the distant DIMM. 

[0042] The Wiring on each DIMM from the data pins on 
the RAM 640 to the common data bus 660 is called a stub, 
and is an electrical discontinuity on the data bus. The fact 
that the RAMs drive into stubs, plus the fact that the 
controller has to make a difficult 90 degree shift of strobe 
With respect to data to capture data at its maXimum pulse 
amplitude, makes reading data much more difficult than 
Writing data. Uncertainties in the timing of the 90 degree 
shift make for less timing margin for read data When 
compared to Write data. 

[0043] In accordance With the invention the difference in 
timing margin betWeen read and Write operations produced 
by unbalanced transitions is achieved in an A C manner 
through the introduction of balancing corrections in the 
drivers. 

[0044] In FIG. 8 there is shoWn an idealiZed Waveform 
With unbalanced loW to high and high to loW transitions at 
the receiver. Referring to FIG. 8 the idealiZed Waveform is 
of superimposed read strobe labelled element 805 and read 
data labelled element 806, as Would be encountered at the 
pins of the controller, labelled element 620, in FIG. 6. Also 
shoWn is a reference voltage Vref labelled element 850, used 
by the controller 420 to establish the 0 or the 1 state of the 
data 806 or strobe 805. The data or strobe is considered to 
be 0, or loW, if it has voltage that is less than Vref at element 
850, and is considered to be 1, or high, if it has voltage 
greater than Vref at element 850. The time at Which the data 
or strobe changes states is called the transition time. Thus the 
strobe 805 transitions from loW to high When the rising edge 
of the Waveform labelled 810 crosses the horiZontal line of 
Vref element 850. The rate of transition is called the sleW 
rate. In this illustration, the strobe 805 rising sleW rate is 
labelled SL_LH adjacent the element 810 labelling for the 
strobe Waveform 805, similarly, the falling sleW rate is 
labelled SL_HL adjacent the element 820 for the data 
Waveform 806. 

[0045] Since the strobe function is in essence the capturing 
of data in the controller, it is common to discuss the set-up 
time tSU, labeled element 890, depicting the time by Which 
data precedes strobe, and the hold time tHD labelled element 
895, depicting the time for Which data remains valid, until 
the neXt transition. For the SDRAM being described, Vref. 
is nominally 1.25V and the sleW rate is of order 1 Volt/ns, or 
less, as measured at the controller 620. 

[0046] The cross point voltage is determined by compar 
ing the loW to high and high to loW transitions of data or 
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strobe. The common voltage, or voltage at Which the tran 
sition edges 810 and 820 cross labelled element (880), is 
called the cross point voltage, or VXpt. The difference 
betWeen VXpt, element 880, and Vref element 850, results in 
a time delay tXPT betWeen the rising and falling transition 
time. That time delay is expressed in equation 1. 

(Vxpl — Vref) 

SL ' 

Equation 1 
tXPT : 2 

[0047] The resulting errors can occur at both at the start 
and at the end of the data pulse. When they occur at the start 
of the data pulse they reduce tSU and When the occur at the 
end of the data pulse they reduce tHD. 

[0048] Where a receiver is to use strobe to capture data, 
then the data must preceed the strobe by a correction referred 
to as tSU-min and remain after the strobe for another 
correction referred to as t-HD-min. As is typical, the strobe 
is centered in the data pulse WindoW, so that setup and hold 
times Would ordinarily be similar. In the case of read data as 
shoWn in FIG. 8, the strobe must be shifted by the controller 
by 1A1 cycle or 90 degrees, in order for the setup and hold 
times to become similar. The required corrections tSU-min 
and t-HD-min are properties of the receiver. If the setup or 
hold time is too small, then data is not reliably captured by 
the receiver There are many factors that reduce setup and 
hold time, but one of the largest ones for SDRAM-DDR 
based memory systems is the error caused by the cross point 
voltage shift of equation 1. 

[0049] Cross point voltage shift With respect to the inven 
tion is considered caused by a number of factors. One reason 
can be that the pullup voltage, labelled VIH 830 in FIG. 8, 
and pulldoWn voltage, labelled VIL 840 in FIG. 8, as 
measured at the receiver are not equal. The inequality is 
primarily caused by unequal driver strength, or impedance, 
of the pullup and pulldoWn devices in the driving devices, or 
RAM in the case of READ data. FIG. 9 shoWs a simpli?ed 
DRAM driver.depicting the situation. Referring to FIG. 9, 
considering the impedance of the pulldoWn device, labelled 
element 920, shoWn as an NFET, is not equal to the 
impedance of the pullup device, labelled element 910, 
shoWn as a PFET and indicated by a diagonal line in the 
device as in common in complementary CMOS totem pole 
or push-pull driver circuits, then the DC value of VIH 830 
and VIL 840 of FIG. 8 Well not be an equal distance from 
the reference voltage Vref 850 Which is intended to be in the 
midpoint of the nominal driver sWing. 

[0050] There are techniques in the art through the addition 
of structure for making the pullup and pulldoWn impedances 
equal that can be used to make the pullup and pulldoWn 
voltages equal. 

[0051] Re?ections from previous data transitions, remain 
ing on the data bus, such as 660 of FIG. 6, can add or 
subtract from the data pulse being sampled. These re?ec 
tions can come from a number of sources, including vias in 
the card Wiring, connectors, DRAM package, controller 
package, the stub Wiring on the memory cards 650, etc. 
Re?ections further, can come from the driver on the RAM 
itself, since as the RAM transitions, its impedance is chang 
ing, as for eXample the pulldoWn device turns off and the 



US 2001/0038106 A1 

pullup device turns on, in a loW to high transition. Still 
further, the time required for a pullup or a pulldoWn device 
to be energized by the predriver can be different. In this case 
VIH and VIL Will be at equal distance from Vref, but the loW 
to high and high to loW transitions Will not occur at the same 
time. This causes, for example, line 810 to shift With respect 
to line 820 in FIG. 8, again causing a cross point voltage 
shift. This can be due to different delays, or different 
characteristics, in the predrive stages 930 and 940 of the 
circuit element of FIG. 9. 

[0052] In FIG. 9, the pullup predrive, labelled element 
930, must assert a loW to alloW pullup device 910 to conduct, 
Which moves driver output 950 up in voltage, ultimately to 
the driver output voltage rail at input labelled 960 VDDQ. In 
the same manner pulldoWn device 920 must receive a loW 
from pulldoWn predrive 940 to conduct and move driver 
output 950 to ground, 970. Along the data path 660 of FIG. 
6 there can occur various resistive terminations, to reduce 
re?ections, that change the output loW voltage from ground 
to VIL at the receiver, and the output high voltage from 
VDDQ to VIH at the receiver. These terminations do not 
affect this invention. 

[0053] Even if the cross point voltage Vxpt has not shifted 
from its nominal position of VDDQ/2, there can still exist a 
degradation in setup or hold time by tXPT caused by a shift 
in Vref 850 from its nominal value of VDDQ/2 of the driver. 

[0054] Any of these effects, or any other mechanism 
Which creates an asymmetry in the pullup and pulldoWn of 
a driver, or the detection time of a driven signal by a 
receiver, can cause a reduction in setup time by tXPT, or in 
hold time by tXPT. 

[0055] In FIGS. 10A and 10B there is shoWn a means to 
correct a reduction in set up or hold time tXPT and calibrate 
to close to Zero. Referring to FIGS. 10A and 10B ShoWn in 
FIG. 10A is a small clock regulated delay element labelled 
1060, controlled by tWo signals labelled D0 and D1, and 
positioned betWeen a pulldoWn predrive element labelled 
1040 and the pulldoWn device, labelled element 1020, With 
the output at 1050. Optionally, as shoWn in FIG. 10B a delay 
element 1070 can be placed before a predrive pulldoWn 
1040 in a pFET 1010, nFET 1020 series betWeen VDDQ and 
ground With the output at 1090. The symbol 0 at a location 
is an indicator that the signal is inverted. 

[0056] Further, the delay (1060 or 1070) element could be 
placed on the pullup circuit also. HoWever, pullup circuits 
tend to be larger since the transconductance of pFET devices 
is typically less than nFET devices in CMOS technology, 
thus the delay is best placed on the smaller, loWer capaci 
tance device. 

[0057] The delay element can be an explicit delay line, or 
string of inverters, or small capacitances added or subtracted 
from the predrive pulldoWn device. It can also be a means 
to limit the turn-on tine of the pulldoWn device or the turn-on 
time of the predrive of the pulldoWn device by limiting the 
sleW rate directly. 

[0058] As an example, if the sleW rate is 1V/ns and it is 
desired to correct a tXPT to an accuracy of 50 ps, there Will 
be needed a minimum delay element of 25 ps. Similarly if 
it is desired to correct a tXPT of as large as +/—200 ps, a 
minimum of 8 stages of delay Will be needed. Of course, 
many more stages and ?ner delay stages are Welcome, but 8 
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stages of 25 ps each should prove sufficient for signaling at 
200 to 400 Mb/s/pin, for a memory system similar to that 
shoWn in FIG. 6. 

[0059] In all cases In FIGS. 10A and 10B at elements 
1060, and 1070, the amount of delay is set by the tWo pins, 
D0 and D1. In FIG. 10C a truth table is provided that shoWs 
an arrangement of the 4 states of these tWo pins. If D0 is 0, 
no change in delay occurs. If D0 is 1, then a positive delay 
change is made if D1 is 1, else a negative change is made. 
The change is arranged, for example, to occur on the rising 
edge of the clock signal. 

[0060] Since each RAM on the data bus 620 in FIG. 6 
could have a different tXPT, it is required to adjust each 
RAM on each DIMM 650 of FIG. 6 individually. This can 
be accomplished by programming the delay elements 1060 
using the data line of the RAM. For example, signal D0 of 
element 1060 can be attached to data line D0 of the RAM, 
and signal D1 of element 1060 can be attached to data line 
D1. This special function of data lines D0 and D1 Would be 
enabled With a unique command to mode register set 272 of 
FIG. 2, Which Would disable the normal data operation of 
the RAM and enable the RAM to listen to the data lines D0 
and D1 for purposes of minimiZing tXPT. This special 
operation Will be called XPT_MODE. All that remains is to 
shoW hoW to set the data lines D0 and D1 to minimiZe tXPT. 

[0061] In FIG. 11 there is shoWn an example receiver With 
means to control unbalanced transitions. Referring to FIG. 
11 the receiver is designed to control the delay elements 
1060 and 1070 of FIG. 10. In FIG. 11, data lines D2 and D3 
of the RAM to be adjusted are received by receivers 1150 
and 1160. These are differential receivers, referenced to 
Vref. Thus if the input 1110 on the D2 receiver senses a 
transition loW to high With respect to Vref, then the output 
1170 as received by latch 1190 Will transition from loW to 
high. Note that receiver 1150 is non-inverting, While 
receiver 1160 is inverting. Thus if the input 1120 on the D3 
receiver senses a transition high to loW With respect to Vref, 
then the output 1180 as received by latch 1195 Will transition 
from loW to high. Taken together, receivers 1160 and 1170 
act as a differential receiver, and drive tWo high outputs 1105 
and 1115 if D2 is high and D3 is loW, and drive tWo loW 
outputs if D2 is loW and D3 is high. 

[0062] In the practice of the invention the minimiZation of 
tXPT in a system as is illustrated in FIG. 6, consider that the 
controller 620 instructs the RAM to send a sequence 
10101010 labelled 1130 from data pin D2, that Will be 
referred to as TEST_PATTERNi0 and at the same time a 
sequence 01010101 labelled 1040, that Will be referred to as 
TEST_PATTERNi1, from data pin D3. TEST_PAT 
TERNil is the same pattern as TEST PATTERNiO but 
reversed, that is, each 0 is a 1 and each 1 is a 0. The 
sequences can be different, as long as it is recogniZed that 
Whenever a transition occurs on D2, an opposite transition 
occurs on D3, the time difference betWeen the transitions as 
measured by the controller With respect to Vref (that is, 
tXPT), can be detected. These data patterns can be made to 
occur in any number of Ways. The simplest Way is to have 
the controller Write a burst 1010 on D2 and a burst 0101 on 
D3 to some address, and then read that address repeatably. 
The means to cause the test pattern can include arbitrary test 
patterns. Latch 1190 uses output 1180, from inverting 
receiver D3 (1160) as a strobe to latch the signal 1170 from 



US 2001/0038106 A1 

non-inverting receiver D2 (1150). Similarly latch 1195 uses 
output 1170, from non-inverting receiver D2, as a strobe to 
latch the signal 1180 from inverting receiver D3. There is a 
setup and hold time requirement on the data With respect to 
the strobe. 

[0063] In FIG. 12 there is shoWn in tabular form related 
to Waveform the timing relationship betWeen inputs and 
outputs of the receiver of FIG. 11. Referring to FIG. 12 
there is illustrated Waveforms at the outputs of the D2 latch 
1105, and the output of the D3 latch 1115, for different delay 
settings of the delay boX( 1060,1070) in FIGS. 10A & B. 
Which changes the delay of a signal going from high to loW, 
that is, the transition effected by a change in the time to 
enable the driver pulldoWn device. As the doWnWard tran 
sition of signal D3 is changed from minimum to maXimum 
delay, the data to latch D2L moves from being after the 
strobe to before the strobe, and thus the output of the latch, 
1150, Will ?ip polarity. 

[0064] FIG. 12 shoWs the state of the outputs of the 
latches 1190, 1195 as the high to loW transition of the input 
D3 is scanned With respect to the loW to high transition of 
the input D2. When the rising edge D3_(the inverse of 
falling edge D3) gets Within t_su of the rising edge of D2 the 
output of latch D3L sWitches from 1 to 0. This occurs in 
table A for delay=—1. Similarly When the rising edge of D2 
gets Within t_su of the rising output of D3_, the output of 
latch D2L changes from 0 to 1. This occurs in table A at 
delay=+1. The average of these tWo times, corresponding in 
this case to delay=0, is the time at Which D2 and D3_each 
transition at the same time With respect to Vref. That is, 
tXPT has been made equal to Zero to Within setting errors. 
The circuit described in FIG. 11 must ?nd the delay setting 
of the driver Which corresponds to tXPT being Zero in the 
receiver. While, the falling edge of D2 is also changed by the 
scan, but in vieW of the fact that the latches D2L and D3L 
trigger on the rising edge only, the falling edge is not 
involved. 

[0065] The scan of the falling edges of D2 and D3 are 
caused. by setting the delay for the pulldoWn devices of all 
I/O on the RAM to be adjusted to be at the minimum value, 
and then incrementing. An assumption is made that all the 
I/O on the RAM are in error in the same Way. This is a valid 
assumption as the things Which change driver response are 
changes to temperature, voltage, and process conditions; all 
of Which are common to all I/O on the RAM. Similarly the 
things Which change the receiver are also temperature, 
voltage, and process, as Well as Vref and Which are also 
common to all I/O. 

[0066] Since We are not observing tWo states of a single 
I/O but rather tWo different I/O, timing differences betWeen 
these I/O (skew) Will also cause an apparent cross point 
voltage shift. SkeW can be caused for eXample by having 
tWo different Wire lengths betWeen driver-receiver pairs D2 
and D3. SkeW Will also result from receiver D2 in FIG. 11 
being non-inverting, While receiver D3 in FIG. 11 is invert 
ing. The result of a skeW betWeen D2 and D3 Will cause an 
error in the delay setting for minimiZing the absolute value 
of tXPT. This is shoWn by the table B, and the Waveforms 
and delay settings Within. 

[0067] The effects of skeW betWeen D2 and D3 can be 
removed by reversing the Waveforms, and giving for 
eXample 010101 to the D2 input of FIG. 11 (1110) and 
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101010 to the D3 input of FIG. 11 (1120), and averaging the 
resultant delay for tXPT to be Zero for these inputs to those 
found in the ?rst scan. That this is true is seen in Table C, 
Where reversing the inputs noW causes an equal and opposite 
shift in the apparent position of the delay setting as found in 
table B. The correct value, i.e. delay=0 from table A, is the 
average of the delays in tables B and C. The average and 
direction of movement are indicated in the tables. 

[0068] The full calibration Would involve the folloWing. 

[0069] An assumption is made that the RAM drivers have 
been adjusted to have equal impedance, Within errors, for 
pullup and pulldoWn devices. 

[0070] 1) Write Test Pattern 0 to the RAM at some 
address. 

[0071] 2) Place RAM in cross point voltage adjustment 
mode (XPT_MODE) by Writing to mode register in 
RAM and set delay increment in RAM to minimum 
delay. 

[0072] 3) Place RAM back in standard operating mode 
and read TEST_PATTERNi0 

[0073] 4) Sense result in controller. 

[0074] 5) Place RAM in XT_MODE and increment 
delay on the high to loW transitions of D2 and D3 by 
settling RAM inputs D0 and D1 to 1. 

[0075] 6) Repeat steps 3 to 5 until delay is at maXimum. 

[0076] 7) Compute the value of delay that makes the 
absolute value of tXPT as small as possible. This is 

DELAY_SETTINGi0. 
[0077] 8) Repeat steps 1 to 6 for Test_Patterni1 Which 

is the inverse of TEST_PATTEPNi0 and Compute the 
value of delay that makes the absolute value of tXPT as 
small as possible. This is DELAY_SETTINGi1. 

[0078] 9) Compute the average of DELAY_SET 
TINGiO and DELAY_SETTINGi1 and Write this 
delay to the RAM While in XPT_MODE. The RAM is 
noW calibrated. 

[0079] 10) Exit XPT_MODE. At this point the RAM 
has been calibrated to have tXPT as small as possible. 

[0080] What has been described is an apparatus and 
method in the use of strobe and data Waveforms to equili 
brate the time of 1—>h and h—>1 transitions at the receiver; 
and improving the performance of the devices involved. 

What is claimed is: 
1. In data processing apparatus of the type Wherein data 

is communicated betWeen a driver and a receiver device in 
said apparatus With communication of said data taking place 
as a transition measured from an intersection that is the 
crosspoint of a rising strobe voltage signal and a declining 
data voltage signal, the improvement comprising: 

the introduction of compensation for a time delay in the 
time of said transition betWeen said rising strobe volt 
age signal and said declining data voltage signal 

2. The improvement of claim 1 Wherein said compensa 
tion is a speci?c time delay inserted into the response of said 
driver device. 
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3. The improvement of claim 2 wherein said driver is a 
series connected pFET and nFET driver circuit element and 
said speci?c time delay is at the gate electrode of said SET 
device. 

4. The improvement of claim 3 Wherein said receiver is 
arranged to control unbalanced transitions in ?rst and second 
data lines Wherein 

said data signal in said ?rst data line is received in a ?rst 
series path through a receiver element and latch ele 
ment, 

said data signal in said second data line is received in a 
second series path through an inverting receiver ele 
ment and latch element, 

said receiver element and said inverting receiver element 
both being referenced to Vref, 

the output of said receiver element being cross connected 
to the control input of said latch element in said second 
data line, and, 

the output of said inverting receiver element being cross 
connected to the control input of said latch element in 
said ?rst data line. 

5. Apparatus for establishing a minimum time delay in 
data communication betWeen rising and falling transitions 
measured from an intersection that is the crosspoint of a 
rising strobe voltage signal and a declining data voltage 
signal, comprising 

a sWitching element operable to control unbalanced tran 
sitions in strobe and data signal lines Wherein, 

a data voltage signal is receivable at a ?rst input to a 
?rst series path through a receiver element and latch 
element, 

a strobe voltage signal is receivable at a second input to 
a second series path through an inverting receiver 
element and latch element, 

said receiver element and said inverting receiver ele 
ment both being referenced to Vref. in said appara 
tus, 

the output of said receiver element being cross con 
nected to the control input of said latch element in 
said second series path, 

the output of said inverting receiver element being 
cross connected to the control input of said latch 
element in said ?rst series path, 

means applying a test pattern of alternating 1 and 0 so 
that for every transition at said ?rst input an opposite 
transition occurs at said second input, and, 

means for iterating said test patterns for minimum 
delay value as sensed betWeen the outputs at said 
latch elements. 

6. The method of minimiZing a time delay in data com 
munication apparatus betWeen rising and falling transitions 
measured from an intersection that is the crosspoint of a 
rising strobe voltage signal and a declining data voltage 
signal, comprising the steps of: 

providing a sWitching element connected betWeen a 
strobe voltage signal line and a data voltage signal line 
Wherein, 
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said data voltage signal is receivable at a ?rst input to 
a ?rst series path through a receiver element and 
latch element, 

said strobe voltage signal is receivable at a second input 
to a second series path through an inverting receiver 
element and latch element, 

said receiver element and said inverting receiver ele 
ment both being referenced to Vref. in said appara 
tus, 

the output of said receiver element being cross con 
nected to the control input of said latch element in 
said second series path, 

the output of said inverting receiver element being 
cross connected to the control input of said latch 
element in said ?rst series path, 

applying a test pattern of alternating 1 and 0 to both 
said ?rst and second inputs so that for every transi 
tion at said ?rst input, an opposite transition occurs 
at said second input, and 

iterating application of said test patterns to establish a 
minimum value for delay as sensed betWeen the 
outputs at said latch elements. 

7. A timing improvement in data processing apparatus 
Where a datum increment is established using a transition 
measured from an intersection that is the crosspoint of a 
rising strobe voltage signal and a declining data voltage 
signal, comprising providing for a time delay in the transi 
tion time for said rising strobe voltage signal. 

8. The improvement of claim 7 Wherein said time delay is 
a speci?c delay inserted into the response of the driver 
element for said strobe voltage signal 

9. The improvement of claim 8 Wherein said driver is a 
series connected pFET and nFET driver circuit element and 
said speci?c is applied at the gate electrode of said nFET 
device. 

10. The improvement of claim 9 including a sWitching 
element connected to control unbalanced transitions that 
may occur in strobe and data lines, the connections of said 
sWitching element including: 

said strobe voltage signal is introduced into a ?rst path 
including a series connected receiver element and latch 
element, 

said data voltage signal is introduced into a second path 
including a series connected inverting receiver element 
and latch element, 

said receiver element and said inverting receiver element 
both being referenced to the Vref of said apparatus, 

the output of said receiver element being cross connected 
to the control input of said latch element in said second 
path, and, 

the output of said inverting receiver element being cross 
connected to the control input of said latch element in 
said ?rst path. 


